Vermicompost and deep tillage system better than chemical amendments and conservative tillage to improve saline-alkaline soils and wheat productivity   
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Abstract
[bookmark: _Hlk16064289]   Land degradation due to soil salinity and alkalinity is considered a serious concern in arid ecosystems. Due to arid climate even, normal soils are converted to saline-alkaline soils. Despite the importance of conservative tillage in carbon sequestration and improving soil properties, its effect on saline-alkaline soils even under amendments application remains unknown. In addition, application of soil conditioners particularly vermicompost with tillage systems on saline soil has less attention so far. Therefore, the present study assigned to explore the combined effects of inorganic (sulfuric acid and gypsum) and organic (vermicompost) soil amendments and tillage systems (zero, reduced and deep tillage) on saline-alkaline soil properties and wheat productivity. Deep tillage with vermicompost application significantly reduced soil electrical conductivity (EC), exchangeable sodium percentage (ESP), penetration resistance (PR) and bulk density (BD) and increased soil hydraulic conductivity (HC), mean weight diameter (MWD) and aggregation index (AI) compared to control. Deep tillage showed a significant improvement of saline-sodic soils, despite increasing (SOC) with zero and reduced tillage. Moreover, vermicompost and sulfuric acid applications with deep tillage increased wheat grain yield significantly compared to control. Vermicompost application surpassed chemical amendments in improving properties of saline-alkaline soils, and consequently enhanced growth and yield of wheat, providing that using deep tillage as an appropriate tillage system. Although deep tillage reduced soil organic carbon, application of vermicompost not only compensated this reduction but also increased SOC significantly. This could confirm the importance of combining deep tillage and vermicompost as an acceptable method in reclaiming such soil environmentally.
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1. Introduction
Climate change and water scarcity issues caused many problems to irrigated land in arid and semi-arid regions, increasing soil salinity and alkalinity. Globally, the area of salt-affected soil is about 935 Mha (Rengasamy, 2006), and about 560 Mha of the total salt affected soil is categorized as saline-sodic soils (Zia et al., 2007; Mahdy, 2011). These salt-affected soils need effective, low-cost, and environmentally acceptable management (Seleiman and Kheir, 2018a; Kheir et al., 2019a). Saline-alkaline soils have poor aeration and hydraulic conductivity (HC) due to migration of fine dispersed clay particles through the conducting pores (Emami and Astaraei, 2012; Luo et al., 2015; Matosic et al., 2018). Saline-sodic soils have an adverse effect on the growth and yield of crops due to the low fertility (Mahdy, 2011; Matosic et al., 2018) and sea water intrusion in response to sea level rise as well as a biotic stress (Kheir et al., 2019b).
Providing calcium to remove excess sodium from the cation exchange complex, is a common action to ameliorate sodic soils (Luo et al., 2015; Singh et al., 2016). The replaced Na+ is directly leached by the irrigation from the rhizosphere zone. However, saline-sodic soils might contain Ca2+ in the form of calcite (CaCO3) at different depths and need to be dissolved through adding acid to the soil (Matosic et al., 2018). Saline-sodic soil amelioration with physical amendments such as ploughing, and subsoiling (Mahdy, 2011) or chemical amendments such as gypsum (Mace et al., 1999), Sulfuric acid (Mahdy, 2011), and/or polyacrylamide (Seleiman and Kheir, 2018b) is considered a valuable technology. However, integration between tillage systems and proposed amendments on saline sodic soils in arid environments has less attention. 
[bookmark: pone.0089185-RocaPrez1]Gypsum (CaSO4 x 2H2O) as a low-cost amendment is very common in reclaiming saline sodic soils (Gharaibeh et al., 2009), improving hydraulic conductivity (HC), bulk density (BD) and macro-porosity (Emami and Astaraei, 2012). Sulfuric acid is considered another vital chemical soil amendment and essential plant nutrient involved in plant growth and productivity (Matosic et al., 2018), improving the efficiency of reclaiming saline sodic soils (Matosic et al., 2018; Sadiq et al., 2007). Organic amendments could be used instead of chemical amendments to reclaimed saline alkaline soils (Wu et al., 2018). In developing countries, huge amounts of crop residues (maize, rice and cotton) are generally burned polluting the environment and contributing to the global warming (Kheir et al., 2019a). Moreover, these residues include a great proportion of nutrients remaining from cultivation and estimated by 30-35 % of applied mineral N and P and 70-80 % of applied K (Aynehband et al., 2017). Therefore, vermicompost (VC) is considered an eco-friendly technology for crop residues management. Vermicomposting could be done through non-thermophilic biodegradation of organic materials using earthworms and microorganisms. It can provides soil with macro nutrients (Nurhidayati et al., 2018), improve soil physical properties (Di et al., 2019), reducing soil salinity (Ibrahim et al., 2015) and alkalinity (GUPTA et al., 2016), affecting soil-plant system (Roca-Pérez et al., 2009). Moreover, VC could effect on soil enzyme activity of saline soil, increasing the activities of urease, acid phosphatase, acid invertase and catalase (Deng et al., 2017). Vermicomposting could be also known as vermiconversion, releasing the available phosphorus from organic wastes through earthworm gut phosphatases, causing the P available to plants (Goswami et al.,2013). However, using VC with different tillage systems in saline sodic soils not studied before, requiring its significance in this study. Moreover, effect of earthworms on greenhouse gas emissions in term of soil organic carbon still uncertain (Lubbers et al., 2013). Tillage process is fundamental practices that can influence soil fertility, crop production, and consequently the sustainability of cropping systems (Munkholm et al., 2013; Souzaa et al., 2018). It can increase infiltration and hydraulic conductivity rates, improving salt leaching to deeper layers. Thus, tillage process can be considered a great practice in reclamation of saline-sodic soils. On the other hand, zero and reduced tillage is one of the most applicable management practices for gaining the mutual advantages in terms of carbon sequestration, erosion control and lessening the input of energy (Souzaa et al., 2018),improving soil quality and crop productivity particularly in tropical cereal-based cropping systems (Nandan et al., 2019) and could increase soil microbes (Wang et al., 2019), as well as reducing CO2 fluxes (Xiao et al., 2019). However, zero and reduced tillage were not studied well before in combination with soil amendments, particularly in salt affected soils.
Deep tillage can cause an increase in soil hydraulic conductivity, improve soil drainage and aeration, and consequently can enhance effective root zone in saline-sodic soils (Bogunovic and Kisic, 2017). In addition, it could improve water use efficiency and crop production as appeared recently with soybean (Glycine max L.) (Henry et al. 2018). Nevertheless, sustaining crop production is considered a challenge, when adopting reduced tillage in the traditional cereals-based cropping systems (Morris et al., 2010). In addition, tillage types cannot result in the target goal of high crop production and soil quality without apposite agronomic practices and soil amendments, particularly in salt affected soils.
Bread wheat (Triticum aestivum L.) accounts for almost 30.0% of the worldwide cereal productivity, as well as it contributes over than 50.0% of total human calorie input (FAOSTAT, 2015). Wheat consumption in Egypt is about 20 Mt, produces the half and importing the remaining (10 Mt) annually (FAOSTAT, 2015; Malr, 2014). Therefore, Egypt is the largest wheat importer country worldwide, requiring an urgent need to increase crop production for lessening such gap (Asseng et al. 2018). Therefore, the study aims at exploring the combined effects of tillage systems (i.e. zero, reduced and deep tillage) and soil amendments (i.e. vermicompost, Sulfuric acid and gypsum) on soil properties and wheat productivity grown in saline sodic soils.
2. Materials and methods
2.1. Experimental design and agricultural practices
A field experiment was conducted in saline-sodic soil at North Nile Delta of Egypt (Elserw district; 31° 15' N, 32° 6' E) during two growing seasons (2017/2018 and 2018/2019) to explore the combined effects of inorganic and organic soil amendments (i.e.Sulfuric acid, gypsum and vermicompost) and tillage systems (i.e. zero, reduced and deep tillage) on soil physical and chemical characteristics, crop growth and yield of a new high yielding bread wheat cultivar (Tritucum aestivum L., cv Misr2).
The design of experiment was a strip plot in four replications. Tillage systems (i.e. zero, reduced and deep tillage) were placed in horizontal plots, while soil amendments (i.e. control, vermicompost, Sulfuric acid and gypsum) were placed in vertical plots. The area of each sub plot was 50 m2 (5 m × 10 m). The reduced tillage included rotary tiller at depth of 0-15 cm, whereas the deep tillage was assigned to sub-soiling up to 60 cm depth alongside the traditional ploughing with moldboard plow up to 30 cm depth. The reduced tillage (RT) and zero tillage (ZT) considered a conservative tillage in this study. Soil amendments (i.e. vermicompost and gypsum) were added with tillage process and directly before sowing of wheat grains, meanwhile Sulfuric acid was added with irrigation water applied through the growing season. The amendments were applied to the soil at the rate of 10.0, 4.3 and 17.0 t ha-1 for vermicompost, Sulfuric acid (H2SO4) and gypsum (CaSO4.2H2O), respectively. The doses of gypsum and Sulfuric were estimated according to the gypsum requirements (GR) for the investigated soil. Gypsum requirements (GR) were calculated as follows:

Where: ESP1 = initial value (23.0%); ESP2= required value (10.0%); CEC= cation exchange capacity; Purity = 85.0%
Gypsum characterizes with (pH 7.0, EC 2.2 dS m-1, purity 85.0%, particle size diameter 50×10-3 m, and solubility 2.9 g L-1) was calculated as the total of GR to lessen soil ESP from 22.0% to 10.0%, while the liquid reagent-grade of commercial Sulfuric acid was calculated to be 25 % of GR (Sadiq et al.,2007). Vermicompost was prepared in vermicomposting bin with a size 100 ×120 × 50 cm. Crop residues (rice, cotton and maize straw) were used as materials of VC. Cow dung and green waste were used as worm feeds. The earthworm species (Eisenia fetida and Dendrobaena veneta) were inoculated as well. Moisture content remained at 80 % through vermicomposting process. The chemical analysis of the prepared VC included organic matter (42 %), EC (3.2 dSm-1), total N (2.1 %), total P (10.8 %), total K (0.5 %), and pH (7.4).  
    The grains of wheat (i.e. cv. Shandweel1) were sown at the rate of 142.8 kg ha-1 on 20th November 2016 and on 19th November 2017. The preceding crop was rice (Oryza sativa L.) in both seasons. The recommended dose of synthetic fertilizers of NPK were applied. Phosphorus fertilizer (40 kg P2O5 ha-1) in the form of super phosphate 15.5% P2O5 was applied during the soil preparation stage. Nitrogen fertilizer (180 kg N ha-1) in the form of urea 46.5% N was divided into two equal doses and was applied directly before the first and the second irrigations. However, the total dose of potassium fertilizer (60 kg K2O ha-1) in the form of potassium sulphate 48% K2O was added directly before the first irrigation. Irrigation of wheat plants during the two growing seasons was applied at 50% depletion from soil available water. The plants were irrigated five times per season based on the recommended irrigation scheduling program. In addition to calculated irrigation applied water, calculated leaching requirements were added to applied water in each irrigate. The main source of irrigation water is a small canal from Damietta Nile branch with salinity ranges between 0.6 to 0.8. Soil samples from three depths (0-20, 20-40 and 40-60 cm) were collected before sowing of wheat for analysing soil initial physiochemical properties (Table 1). Soil texture is clay and characterizes by higher values of pH, EC and ESP to 8.1, 7.5 and 23.5, respectively in the surface layer. For both growing seasons, daily weather data of temperature, solar radiation and precipitation were recorded from interior and closer automated weather station that belongs to the Central Laboratory of Agricultural Climate (CLAC), Egypt (Fig. 1; www.clac.edu.eg).
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2.2. Measurements
2.2.1. Soil chemical and physical analysis
Chemical analysis of soil (ESP, SOC and EC) before sowing and at harvest was done by using the procedures described by Cottenie et al. (1982), Klute (1986) and Burt (2004). The cation exchange capacity (CEC) was determined with a 1.0 M (NH4Cl) solution in ethanol/water (60:40, v/v) at pH (8.0) (Tucker, 1954). Total calcium carbonate was determined volumetrically using Collins calcimeter (Cottenie et al., 1982) 
Soil physical traits and moisture were determined in undisturbed soil samples as explained by (Delgado and Go´mez, 2016; Garcia, 1978; Klute, 1986). Where soil field capacity (FC) and permanent wilting point (PWP) moistures were determined by pressure cooker apparatus after saturating soil samples with water by capillary rise and exposing to the required pressure 0.3 and 15.0 bar for FC and PWP, respectively. Soil hydraulic conductivity was measured in situ  by constant head method through Guelph Permeameter apparatus as described in(Reynolds and Elrick, 1985). By this device, soil hydraulic conductivity could be measured accurately and fast using the following equation:

Where: Kfs = soil saturated hydraulic conductivity; R1= rate of water level change in the first well with depth (H1) set at 5.0 cm; R2 = the rate of water level change in the second well with depth (H2) set at 10.0 cm; Y= reservoir constant used when the inner reservoir was used in clay soil = 2.14 cm2. 
Soil penetration resistance (PR) was determined by hand penetrometer device at soil field capacity (Herrick and Jones, 2002). To determine soil organic carbon (SOC), samples were air dried, ground and passed through 2.0-mm sieve, and determined using described method by(Miyazawa et al., 2000; Nelson and Sommers, 1986). Soil samples for aggregate stability were taken in undisturbed form (Kemper and Rosenau, 1986), and used to characterize the aggregation index (AI) and mean weight diameter (MWD) of wet-sieved aggregates (Rohošková and Valla, 2004). Briefly, the sieves were arranged in descending size order in wet sieving device (2.0, 1.0, 0.5 and 0.25 mm) from top to bottom. On the top sieve, about 50.0 g of soil < 4.75 mm aggregates were placed on after immersing these samples in distilled water. Then, the device was set to move vertically to sieve samples. The retained soil part by each sieve was dried at 105 °C for 24 h to obtain the proportion of water-stable aggregates, then MWD was calculated as follows:

Where: Xi = mean diameter of each size fraction (mm); Wi = total of water stable aggregates.
2.2.2. Wheat growth yield and yield components
Anthesis and maturity dates of wheat were recorded in each plot. Furthermore, chlorophyll in terms of SPAD were recorded at 40, 60, 80 and 100 days after sowing (DAS) for tillering, stem elongation, booting, heading and flowering respectively. In each plot, the flag leaf of 10 wheat plants were selected to record SPAD values. At maturity, ten wheat plants from each sub-plot were randomly selected for counting number of spikelets per spike and reordering 1000-grain weight. In addition, at maturity, wheat plants of three m2 were harvested from the middle of each sub-plot. The number of spikes per m2 were recorded, then the whole harvested plants of the three m2 were weighted to obtain the biological yield per ha. Afterward, grains of the harvested wheat plants were threshed with a thresher machine, dried in oven over night at +70 °C and finally grain yield was recorded. Straw yield was obtained by difference between grain yield and biological yield. Harvest index (%) was expressed as the ratio of grain yield to biological yield and multiplied by 100 to be presented as percent.
2.3. Statistical analysis
Row obtained from the effects of tillage system, soil amendments and their interaction on wheat grown during the two growing seasons were subjected to analysis of variance (ANOVA) using PASW statistics 21.0 (IBM Inc., Chicago, IL, USA). The Tukey's multiple range test was used to compare between different treatments with significant differences when (P < 0.05). Also, LSD (least significant difference) was obtained from the analysis for each trait to compare means.

3. Results
3.1. Effect of tillage practices and soil amendments on saline-sodic soil characteristics
Generally, application of soil tillage and amendments improved soil physical and chemical properties (Fig. 2) with a superiority to deep tillage and vermicompost.  Deep tillage (DT) practice resulted in a significant reduction for EC, ESP, SOC, BD and PR whilst increased HC, AI and MWD in saline-sodic soil compared to zero (ZT) and reduced tillage (RT) practices (Fig. 2).  Over two growing seasons, application of DT decreased EC, ESP, SOC, BD and PR by 13.7, 17.0, 6.7, 3.7 and 15.9 % respectively compared to ZT treatment. Meanwhile, values of HC, AI and MWD increased by 24.4, 15.9 and 27.6 % in response to DT compared with ZT. Despite the importance of DT in improving most soil properties, it reduced SOC compared with conservative tillage (ZT and RT). Vermicompost application resulted in the lowest values of EC, BD and PR followed by sulfuric acid and gypsum application in comparison to untreated soil during the growing seasons (Fig. 2A, E and F). However, sulfuric acid treatment surpassed vermicompost in decreasing soil ESP by 26.0 and 14.7 % respectively (Fig. 2B). Application of vermicompost led to a significant reduction in EC, BD and PR by 28.0, 4.5, and 17.0 % respectively (Fig. 2A, E and F), whilst increased SOC, HC, MWD and AI significantly by 51.7, 25.6, 50.0 and 38.8 % respectively compared to un-amended soil (Fig. 2C, D, G and H). Interestingly, application of vermicompost not only compensated the estimated reduction of SOC under DT (6.7 %), but also increased this value by 51.7 %, proving the necessary of using vermicompost as appropriate organic amendment to improve saline-sodic soils. Consequently, zero and reduced tillage as a term of conservative agriculture not favour in saline-alkaline soils, requiring deep tillage alternatively to enhance salinity leaching and to improve soil physical and chemical properties. Vermicompost as an interested organic amendment, will enhance the efficiency of tillage to improve soil properties.

Fig. 2
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3.2. Effect of tillage practices and soil conditioners on growth and wheat yield grown in saline-sodic soils
According to the obtained SPAD values during the two consecutive seasons, there were no significant differences between the effect of zero, reduced and deep tillage on SPAD values at all investigated growth stages (i.e. tillering to flowering and anthesis stage) of bread wheat. However, the highest SPAD values were obtained from wheat grown in soil treated with VC followed by SA and G applications in comparison to those grown in untreated soil (Fig. 3). Deep tillage significantly increased heading date, flag leaf area, relative water content and dry matter in two growing seasons compared to zero and reduced tillage systems (Table 2). Average over soil tillage systems, data showed that soil amendments improved wheat growth parameters significantly compared to un-amended soil (control). Application of VC resulted in higher values of heading date, flag leaf area, relative water content and dry weight followed by SA, G and control respectively. The differences between soil amendments on wheat growth parameters were highly significant. Tillage systems improved the efficiency of soil amendments, indicating a significant difference of interaction between tillage and soil amendments (Table 2). Consequently, wheat yield (i.e. grain and biomass) and yield components (i.e. spikes/m2, grains/spike and 1000 grain weight) were improved significantly due to application of soil amendments and tillage practices (Table 3). Deep tillage systems showed the superiority of yield and yield components followed by reduced and zero tillage with significant differences between them. Averaged over two growing seasons and soil amendments, deep tillage increased wheat grain yield by 10.0 and 21.0 % compared to using RT and ZT respectively (Table 3). The effect of soil amendments was highly significant on wheat yield and yield components. The highest yield and yield components of wheat was achieved by application of VC followed by SA and G compared to un-amended soil (control). The differences between soil amendments were significant, indicating the importance of VC to enhance wheat yield in saline-alkaline soil. Averaged over two growing seasons and soil tillage systems, application of VC increased wheat grain yield by 9.0, 28.0 and 52.0 % compared to application of SA, G and un-amended soil respectively. The interaction effect between soil tillage systems and amendments was significant, reporting the importance of combining soil amendments with tillage to improve yield and yield components in saline-alkaline soil. 
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4. Discussion
Saline and sodic soils management is considered a great challenge due to the poor physical and chemical properties in addition to the low soil microbial activity, consequently causing a reduction in soil quality and crop productivity (Matosic et al., 2018). Osmotic potential induced from soil salinity and sodicity is the main reason of decreasing soil organic matter and microbial activity (Mavi and Marschner, 2017).  Suitable tillage and soil amendment are considered the main factors for alleviating the negative effects, amelioration of salt-affected soils and improving crop productivity. In saline-sodic soil, Na+ cations are very soluble and weakly attracted. For this reason, the main problem of such soils appears when Na+ starts to accumulate and dominate over the Ca2+ cations. Such process can lead to structural deterioration through physical processes for instance slaking, swelling and dispersion of clay forming soil compaction (Qadir et al., 2003). In the current study, deep tillage resulted in a significant improvement in soil quality in terms of chemical and physical soil properties. It caused higher decline in EC, and ESP as well as improving soil structure by increasing HC, AI and MWD of saline-sodic soil than zero and reduced tillage practice (Fig. 2). Deep tillage also resulted in a higher reduction in BD and PR than those obtained from zero and reduced tillage plots. The general trends were that higher PR occurred at the greater BD. The decline in BD could be probably due to loosening soil and thus temporarily forming macro-pores (Matosic et al., 2018). Tillage practices can improve the aeration and alleviate the compaction of soil, whereas, the organic matter obviously promotes binding soil particles into aggregates (Matosic et al., 2018). It improved soil physical properties through changing the conditions in the current study, and accordingly has a vital influence on the crop growth and yield (Jabro et al., 2011). Deep tillage, mix subsoil with topsoil to cause a complete destruction of soil horizons, is considered a great challenge in poor soils since it could alleviate high subsoil strength, facilitating deeper rooting, and consequently the plant-availability of subsoil resources for instance nutrients (50% of total nitrogen stocks and 25–70% phosphorus stocks) and retain water even under drought stress (Schneider et al., 2017).
The integrated application of tillage and amendments significantly improved saline sodic soil properties than single application. Vermicompost application resulted in the highest improvement in soil quality traits in terms of the lowest EC, PR and BD, followed by sulfuric acid and/ or gypsum application in comparison to untreated soil. In addition, the highest HC, AI and MWD of saline-sodic soil at both depths were obtained from plots treated with VC followed by SA and G applications in comparison to the untreated plots. Sulfuric acid can be used instead of gypsum in calcareous saline-sodic soil, because it can react with lime to form gypsum (CaSO4.2H2O). Therefore, application of SA showed the superiority in decreasing ESP followed by VC and G. In saline-sodic soil treated with acid, the presence of lime is a vital factor because it can provide Ca2+ during the initial steps of soil reclamation (Ali and Aslam, 2005). The effectiveness of sulfuric acid application in ameliorating the saline-sodic soil in the current investigation could be due to the significant formed amounts of bicarbonate (HCO3-) during the reaction of sulfuric acid (H2SO4) with carbonate (CaCO3) resulting in an extra Ca2+ in soil solution and enriched displacement of exchangeable Na+ (Mace et al., 1999). Vermicompost application showed the superiority in improving other soil properties due to increasing organic matter content, nutrient content and the vital role of VC on soil enzyme action (Deng et al., 2017; Ibrahim et al., 2015; Nurhidayati et al., 2018). Increasing organic matter induced from VC, improved soil aeration, decreased soil bulk density, enhanced microbial action in soil, improving soil physical and chemical properties of saline sodic soils (Makkar et al., 2017).
The increased HC in soil treated with sulfuric acid certainly was resulted from less clay swelling and dispersal, associated with the lower ESP and pH as well as the higher ionic strength (Mace et al., 1999). During the two growing seasons of the current investigation, the particle mean diameter size of soil was significantly larger when VC was applied, signifying a better clay tactoid preservation. This improvement in the mean diameter size might be attributed to the low pH and high organic matter caused by VC application and the subsequent compression of the diffuse double-layer, edge-to-face bonding and better flocculation in comparison to the gypsum application (Lebron et al., 1993; Mace et al., 1999). Gypsum can do the same action, but slowly due to its low solubility leading to the superiority of VC and SA in saline-sodic soil amelioration. Although DT reduced SOC, application of vermicompost not only compensated such reduction but also increased it significantly, improving soil properties particularly SOC, BD, EC and ESP. Consequently, the integration between soil tillage systems and amendments resulted in a clear linear relationship between SOC, EC, ESP and BD (Fig. 4). Increasing SOC due to amendments particularly vermicompost showed a clear linear decrease in soil bulk density (Fig. 4A). In addition, decreasing soil EC and ESP subjected to soil amendments and tillage systems showed a clear linear decrease in soil bulk density (Fig. 4B and C). The integration between tillage systems particularly DT and amendments specially vermicompost successfully proved improvement in saline sodic soils rather than individual application. This could confirm the importance of deep tillage and vermicompost as an acceptable method in reclaiming saline sodic soil environmentally.
Fig. 4
   Deep tillage of soil improved chemical and physical traits of soil in the current study, this could be due to the leaching of salts from the surface to deeper layer of soil, improving soil aeration through breaking the hard pan layer and improving soil drainage. Tillage systems particularly DT decreased soil penetration resistance (Fig. 5A), soil salinity (Fig. 5B) and soil sodicity (Fig. 5C), improving root dry weight of wheat. These could be vital reasons attributed to the improvement of growth traits and the increment of wheat grain yield in the current study. Significant differences in wheat yields because of different tillage practices could be due to the hydrophobic nature of crop and poor root expansion in zero and reduced tillage soils. The increase in the yield with deep tillage could be attributed to cutting of the soil hardpan, increasing the infiltration rate. Deep tillage can redistribute nutrient availability in soil profile, increasing yield in un-fertilized trials compared to trials with fertilized topsoil (Schneider et al., 2017). Moreover, deep tillage improves the aeration of soil, enhancing root growth. 
Fig. 5
Vermicompost, Sulfuric acid and gypsum applications significantly increased chlorophyll in terms of SPAD values, 1000-grains weight, number of spikes per m2 and grain, and biomass yields of wheat per ha in comparison to untreated soil. This improvement could be due to increasing organic matter and nutrient content in VC and calcium in SA and G, since it is considered an essential for plant cell wall structure, provides normal transport and retention of other elements as well as strength in the plant (Helmy and Shaban, 2013; Makkar et al., 2017). In addition, this can probably be due to the increment of calcium and potassium and to the reduction of sodium in soil which can result in healthy environment for plant growth (Helmy and Shaban, 2013). The role of sulfuric acid and gypsum applications on plant growth and yield can be also because of reducing soil pH which can enhance the availability of nutrients in soil and improve their use efficiency such as nitrogen and phosphorus (Mazhar et al., 2011). The improvement of growth and productivity of wheat in the current investigation can partly be attributed to higher amounts of organic matter in VC and calcium brought into soil solution through sulfuric acid application which improved soil infiltration (Zia et al. 2007). The low yield obtained from untreated soil in the current study could be due to increasing soil salinity and sodicity, the poor HC, soil porosity and deteriorated infiltration rate. These poor traits resulted from the dispersion, translocation, and redisposition of clay platelets or choking of macro and micro pores owing to which plant roots faced resistance to proliferation, aeration, water absorption, and nutrient uptake (Sadiq et al., 2007). 
Conclusion and future perspectives 
Deep tillage with vermicompost or sulfuric acid application improved physical and chemical traits of saline-sodic soil as well as improved growth and yields of wheat crop in comparison to untreated soil. The EC, ESP, HC, PR and MWD of amended soils revealed that soils treated with vermicompost, and sulfuric acid being more efficient than gypsum and control treatments. Although zero and reduced tillage is beneficial in increasing SOC through carbon sequestration, which might enhance crop productivity, but this action appears well in non-saline soil rather than saline-sodic soil, favouring deep tillage in salt affected soils. Application of vermicompost as an organic amendment, was much better than chemical amendments (i.e. sulfuric acid and gypsum) in reclaiming saline-sodic soils in arid and semi-arid land, favouring the first from the economic and environment point of view. Consequently, zero and reduced tillage as a term of conservative agriculture not favour in saline-alkaline soils, requiring deep tillage alternatively to enhance salinity leaching and to improve soil physical and chemical properties. Vermicompost as an interested organic amendment, will enhance the efficiency of tillage to improve soil properties rather than chemical amendments.
Nevertheless, exploring the effect of these kind of amendments with tillage systems on soil nutrient balance could be considered a valuable forthcoming study, increasing the efficiency in reclaiming these soils and improving soil fertility.
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Figures caption

Figure 1. Daily climatic data during two wheat growing seasons (2017/2018) and (2018/2019).

Figure 2. Soil salinity (A), sodicity (B), organic carbon (C), hydraulic conductivity (D), bulk density (E), penetration resistance (F), mean weight diameter (G), and aggregation index (AI) subjected to soil tillage systems and amendments. Soil amendments included control, sulfuric acid (SA), vermicompost (VC), and gypsum (G). Tillage types included zero tillage (ZT, red symbols), reduced tillage (RT, blue symbols) and deep tillage (DT, green symbols) during two growing seasons 2017/2018 (circles) and 2018/2019 (triangels). Symbols represent mean values and error bars represent standard deviation.
Figure 3. Chlorophyll content as SPAD values at different times after sowing subjected to tillage systems and soil amendments. Symbols represent mean values and error bars represent standard deviation. 

Figure 4. Regression relationship between soil organic carbon and bulk density (A), salinity and bulk density (B), and sodicity and bulk density (C). Data represent averaged values of two seasons under all treatments of tillage and amendments. 

Figure 5. Correlation between soil penetration resistance and root dry weight (A), salinity and root dry weight (B) as well as sodicity and root dry weight (C). Data in (A) represent values of three tillage systems coloured with black, blue and green for ZT, RT and DT respectively and averaged over soil amendments. Data in (B) and (C) represent the correlation under different soil amendments as control, gypsum, sulfuric acid and vermicompost coloured with black, red, blue and green respectively as average over three tillage systems. 
